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Dental auditAbstract Among the most important principles of tooth preparation are adequate tooth reduction
and appropriate occlusal clearance for prosthetic restorations. A self-administered questionnaire was
distributed to know the opinion of Intern Dentists of King Khalid University, College of Dentistry
regarding the difﬁculties of preparing teeth for ceramo-metal crowns (CMC). The study also included
the audit of dental casts of prepared teeth for CMCby the same InternDentists. The die and antimere
teeth were evaluated for buccolingual (BL) and mesiodistal (MD) dimensions using a digital caliper.
The presence of planar occlusal reduction, rounded angles and functional cusp bevel was also record-
ed. The average BL and MD reductions of the prepared teeth were 2.05 mm (±0.84) and 2.33 mm
(±0.79) respectively. Comparison of BL reduction andMD reduction with hypothetically calculated
ideal reduction between premolars and molars revealed a statistically insigniﬁcant difference
(p> 0.05, unpaired t-test). However, statistical comparison of BL reduction between maxillary
and mandibular dies revealed a signiﬁcant difference (p< 0.05, unpaired t-test). Only one third of
the dies had adequate planar occlusal reduction, 60.71% dies showed proper functional cusp bevel
and 64% of the dies had rounded cusp angles. In the response to the questionnaire, facial and lingual
reductions were considered easy by the respondents, while occlusal surface reduction and maxillary
teeth preparation were considered difﬁcult. The amount of tooth reduction performed by the Intern
dentists for ceramo-metal crowns was within normal range. Teaching strategies regarding maxillary
teeth reduction and planar occlusal reduction may require reconsideration.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
It is essential that dental graduates develop optimum skills and
expertise while undergoing training under supervision.1 Assess-
ing the level of skills imparted to graduates is important to
educators as it is worth noting the effectiveness of their teach-
ing strategies.2 It is necessary to investigate the outcomes of
Quality assessment of teeth for ceramo-metal full coverage crowns 25teaching not only as part of curriculum development and
ongoing quality audit, but also to examine the competency
of graduates.3 Likewise, the identiﬁcation of areas of curricular
concern from trainees’ perspective provides curriculum
managers with indicators for program improvement.4 The
American Dental Education Association obtains opinions
about curricular content from graduating dentists regularly.5,6
The preparation of ceramo-metal crowns (CMC) is a common
procedure in general dental practice. At King Khalid
University–College of Dentistry (KKU/COD), as part of
graduation competency students are required to complete pre-
clinical preparation of ceramo-metal, full metal and all ceramic
crowns for anterior and posterior teeth. In addition, clinical
teeth preparation for ceramo-metal and all ceramic crowns
for anterior and posterior teeth are routine procedures. Post
and core is also part of the graduate requirements. The ability
to adequately prepare teeth is considered fundamental to the
prognosis of extensively damaged and restored teeth.7 Ample
reduction allows fabrication of restoration with appropriate
cosmetic results without over-contouring.8 Emphasis is laid
on buccal and occlusal reductions, sufﬁcient to enhance the
function and appearance of the ﬁnished restoration.9 One of
the problems most frequently encountered with preparation
of teeth for ceramo-metal crown is lack of improper occlusal
reduction.10 The structural durability of the restoration is
improved by creating planar occlusal reduction, functional
cusp bevel and rounded angles. This way bulk of the restora-
tive material is adequately fortiﬁed to withstand forces of
occlusion.11,12
This study was aimed at assessing the quality of tooth
preparation carried out by graduating dentists (Interns) and
their opinion regarding the difﬁculties encountered while
preparing teeth for CMC. It mainly focused on auditing the
following important areas of teeth preparation carried out by
graduating dentists.
1. Amount of buccolingual (BL) and mesiodistal (MD)
reductions of posterior teeth that received CMC.
2. The quality of occlusal preparation by evaluating the
presence of planar occlusal reduction, rounded angles and
the functional cusp bevel.
3. Opinion regarding the difﬁculties encountered while
preparing natural posterior teeth for CMC.2. Material and methods
This retrospective study included the audit of ceramo-metal
work and questionnaire survey of graduating dentists atFigure 1 (a) Bucco–lingual diameter of antimere tooth (BLAKKU/COD. KKU/COD Internship Program Committee
approval was taken for conducting the study. A self-adminis-
tered questionnaire was prepared to explore key areas of
CMC training and difﬁculties for tooth preparation. Seventy
eight out of eighty four (93% response rate) graduating den-
tists responded to the questionnaire. The obtained dichoto-
mous data were analyzed in percentage and frequency values
using Microsoft Excel 2013 software (USA).
Two hundred dental casts with dies that received CMC
between August 2012 and April 2013 were randomly collected
from the Prosthodontics Production Laboratory at KKU/
COD. From among these, 112 maxillary and mandibular casts
were included in the study that had sound natural antimere
teeth without any restoration or damage to the crown. An anti-
mere was deﬁned as the bilateral tooth on the other half of the
same arch of the prepared tooth.13–15 Anterior teeth were
excluded from the study because of a signiﬁcant deﬁciency in
the numbers of mandibular anterior teeth prepared during
the study period. Each trimmed die and the antimere tooth
was evaluated for BL and MD diameters in millimeters. The
BL and MD diameters of the antimere (BLA and MDA) were
considered as the greatest distance between the buccal–lingual
and mesial–distal surfaces of the crown respectively (Fig. 1a
and b). The BL and MD diameters of the die (BLD and
MDD) were considered as the maximum distance between the
buccal–lingual and mesial–distal surfaces of the prepared
crown respectively (Fig. 2a and b). The measurements were
made with digital calipers (Derby, France) held perpendicular
to the occlusal plane and in line with the long axis of the
tooth. Single investigator carried out each measurement
thrice and the mean was recorded to minimize human error.
Calibration for zero was checked after each reading. The
amount of BL and MD reductions in the measured dies was
calculated as follows:
Amount of BL reduction (BLR) = BLA  BLD (Figs. 1a
and 2a)
Amount of MD reduction (MDR) =MDA MDD
(Figs. 1b and 2b)
The mean BLR and MDR values were statistically com-
pared with hypothetically calculated ideal reduction (HCIR)
values for this audit. HCIR was formulated by combining
the desired, ideal buccal and lingual reduction values.11,12,14,16
Similarly, HCIR from MD perspective was formulated by
combining the ideal mesial and distal reduction values. The
data obtained were analyzed by unpaired t-test using SPSS
Version 21 statistical software. The level of signiﬁcance was
set at 5%.) and (b) Mesio–distal diameter of antimere tooth (MDA).
Figure 2 (a) Bucco–lingual diameter of die (BLD) and (b) Mesio–distal diameter of die (MDD).
Table 2 Unpaired t-test analysis of the amount of mesio-
distal reduction of prepared teeth in millimeters.
N Mean SD dF t value p value
MDR Arch
Mandibular 85 2.2519 0.8835 110 1.7532 0.0824
Maxillary 27 2.5578 0.3424
Teeth
Premolar 71 2.3387 0.7091 110 0.228 0.8201
Molar 41 2.3029 0.9395
Sample
Study sample 112 2.33 0.79 222 1.6882 0.0928
Hypothetical 112 2.2 0.2
0% 20% 40% 60% 80% 100%
Vital teeth preparaon easy
Funconal cusp reducon easy
Facial reducon easy
Lingual reducon easy
Occlusal reducon easy
Mandibular teeth reducon easy
Maxillary teeth reducon easy
Don’t Know No Yes 
Figure 3 Questionnaire response to tooth reduction parameters.
Table 1 Unpaired t-test analysis of the amount of bucco-lingual reduction of prepared teeth in millimeters.
N Mean SD dF t value p value
BLR Arch
Mandibular 85 2.1547 0.862 110 2.6739 0.019*
Maxillary 27 1.7215 0.6876
Teeth
Premolars 71 2.0954 0.8503 110 0.7449 0.4579
Molars 41 1.9722 0.8297
Sample
Study sample 112 2.05 0.84 222 1.2075 0.2285
Hypothetical 112 2.15 0.25
* Statistically signiﬁcant at 5% level of signiﬁcance (p< 0.05).
26 S. Syed et al.HCIR from BL perspective = 1.9–2.4 mm, Mean =
2.15 mm (±0.25)
HCIR from MD perspective = 2.0–2.4 mm, Mean =
2.2 mm (±0.2)
In addition, the presence of planar occlusal reduction,
rounded angles and the functional cusp bevel were also
recorded.
3. Results
The average BLR and MDR of all the prepared crowns
evaluated in this study were 2.05 mm (±0.84, Table 1)
and 2.33 mm (±0.79, Table 2) respectively. These values
were within the hypothetically calculated ideal range and
the statistical comparison was insigniﬁcant (p> 0.05, Tables
1 and 2). However, the average BLR of maxillary posteriorteeth was less than the HCIR (Table 1). This resulted in a
statistically signiﬁcant difference (p< 0.05, Table 1) of
BLR between maxillary and mandibular prepared crowns.
Contrary to this, an insigniﬁcant difference of MDR
between maxillary and mandibular teeth was observed
(Table 2). Comparison of BLR and MDR between premolar
and molar dies was also insigniﬁcant (p> 0.05, Tables 1
and 2). Fig. 5 illustrates, only one third (33.93%) of the
studied dies had adequate planar occlusal reduction. Six
out of ten (60.71%) dies showed proper functional cusp bev-
el. 63.39% of the dies had rounded cusp preparation.
Responses to the questionnaire survey are illustrated in
Figs. 3 and 4. Majority of the graduating dentists considered
facial and lingual reductions of teeth to be easy. However,
they reported difﬁculty in preparing the occlusal surface
for CMC. Compared to mandibular teeth reduction, the
respondents felt maxillary teeth reduction to be difﬁcult.
0% 20% 40% 60% 80% 100%
Training period suﬃcient
Equipment adequate
Lab work sasfactory
Training parameters
Don’t Know No Yes 
Figure 4 Questionnaire response to training parameters.
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Fresh graduates’ perspectives about their clinical training can
be a major inﬂuence on the continuous improvement of the
dental curriculum. Many investigators have evaluated the
areas of strengths and weakness of the curriculum, as per-
ceived by graduating dentists.17–19 Majority of the KKU/
COD graduates (Interns) considered facial (93.59%) and lin-
gual (88.46%) tooth reductions for CMC work to be easy
(Fig. 3). However, 40% deemed occlusion reduction to be dif-
ﬁcult. This was reﬂected in their work, where 66% were unable
to perform planar occlusal reduction (Fig. 5). Similarly,
15.38% of them were not sure whether the beveling of func-
tional cusps was easy (Fig. 3). A contrasting difference of opin-
ion was observed between maxillary and mandibular teeth
reductions. 41.03% of the respondents considered the reduc-
tion of maxillary teeth difﬁcult while only 10.26% reported dif-
ﬁculty in reducing mandibular teeth. This was evident in the
BLR values of their work (Table 1) in maxillary and mandibu-
lar teeth, where the mean BLR reduction was less than desired.
Almost two thirds of the fresh graduates reported difﬁculty in
preparing natural teeth after being trained on phantom teeth in
the students’ laboratory.
The best time to inculcate good-practice in students is when
they are working under supervision. Visual and tactile percep-
tions are essential skills that should be honed during training
period. While preparing teeth, the operator does not always
have the luxury of pre and post measurement values of the
teeth and it is believed that clinicians overestimate tooth reduc-
tion.20 Dunne21 reported interesting observations regarding
the visual perception of size and distance of teeth by students.33.93%
60.71% 63.39%
66.07%
39.29% 36.61%
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
Planar Occlusal Reducon Funconal Cusp Bevel Rounded Angles
Quality of Occlusion Reducon
Adequate Inadequate
Figure 5 Quality of occlusal reduction.In his study, majority of the students overestimated size. The
HCIR values used in this study were a novel criterion
unknown in previous literature. Calculation of amount of ideal
tooth reduction can get complex relative to the tooth and the
site at which it is estimated, hence, considering a range of val-
ues can minimize any error. BL and MD reductions performed
by the graduates in the study sample were well within the
hypothetically calculated range and valid statistically. The
average reduction was however, closer to the upper limit of
the range (Tables 1 and 2). BL reductions of maxillary teeth
were less than HCIR (Table 1). This was in complete contrast
with the ﬁndings of Alhouri13 where BL reduction exceeded
the normal limit.
The general principles of tooth preparation must be fre-
quently reminded during pre-clinical and clinical training ses-
sions.22 Results of this study coincide with the ﬁndings of
Tarib and Ahmed2 regarding fulﬁlling the principles of tooth
preparation. Acceptable tooth preparation involves conserva-
tive reduction, smooth surfaces without sharp angles. Unnec-
essary tooth removal is equally undesirable as under
preparation. Training experience gathered over the years tells
that majority of students master tooth reduction relatively fas-
ter than creating the intricacies of tooth morphology. Struc-
tural durability of a restoration is achieved, at least in part,
by creating planar occlusal reduction, functional cusp bevels
and rounded preparation angles. Deﬁciency in duplicating
the basic inclined plane pattern of the occlusal surface was
observed in our study. Poon and Smales23 reported similar
results where cuspal and central fossa reduction was insufﬁ-
cient for CMC preparations. This can decrease the retention
capacity while rendering the restoration weak. Inappropriate
functional morphology results in perforation during ﬁnishing
or wear in the patients’ mouth.11,12
The absence of functional cusp bevel results in a thin
crown, a deﬂective occlusal contact, and overall reduction in
the retention of the ﬁnal restoration.11,12 The fresh graduates
did well in this area of tooth preparation 60.71% adequately
prepared beveled functional cusps. This was in agreement with
the ﬁndings of Tarib and Ahmed.2 Rounded edges of the
preparation avoid generation of stress in the ﬁnal restoration,
which could otherwise lead to fracture of the porcelain
portion.24,25 Satisfactory result was displayed in this area of
tooth preparation which was in agreement with the results of
Al-Omari and Al-Wahadni26 and Esser et al.27 Most of the
preparations involved in this study were by-and-large
acceptable. This expounds the importance of correct
understanding of the principles of tooth preparation and its
application for structural durability of the ceramo-metal
restorations.
5. Conclusion
From this retrospective study, the following conclusions and
suggestions are made:
 The overall quality of tooth preparation evaluated for cer-
amo-metal crown in this study was satisfactory.
 Teaching strategies for tooth reduction in maxillary posteri-
or teeth may be reviewed and amended to achieve better
buccolingual results.
 Greater emphasis warranted for occlusal reduction during
training.
28 S. Syed et al. The process of auditing students/graduates work should be
made continuous to assess the effectiveness of the teaching
strategies.
 Use of intra-oral 3D scanners to assist in evaluating occlu-
sal reductions before ﬁnalizing preparations should be
evaluated.
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